
SUMMARY OF RECENT INFORMATION REGARDING 
EFFECTS OF PCB's ON BIRDS AND MAMMALS 

Rey C. Stendell* 

Abstract 

The significance of PCB 's to wild animals depends 
both upon their lethal toxicity and their sublethal phys
iological effects. The lethal dietary toxicities of most 
Aroclors to experimental birds generally are less than 
those of DDE, DDT, or dieldrin. Effects of PCB 's on 
reproduction are apt to have the most serious impact on 
populations. These effects are difficult to evaluate. The 
chief reproductive effects in chickens are reduced egg 
production and hatchability. Deformities in chicks are 
common, and growth rates of young sometimes are de
pressed. Administration of low dietary levels of PCB 's to 
chickens, bobwhite quail, ringdoves, and mallards have 
not resulted in thinning of eggshells. No tests of shell 
thinning have been made with birds of prey or other 
critical species. Residues of PCB 'sin wild birds often are 
at levels known to have caused reproductive impairment 
in chickens. Species differences must be considered, 
however, and the significance of these levels to wild 
birds is very uncertain. 

PCB 's have been implicated in the reproductive 
failure and mortality of mink from the Great Lakes re
gion. High levels of PCB 's and organochlorine pesticides 
have been found in marine mammals and have been link

ed with premature births in some species. Recent studies 
have shown that some species of bats may be sensitive to 
a low level of PCB contamination. 

INTRODUCTION 

The widespread distribution of PCB's in the environ
ment and their effects upon populations of wild birds 
and mammals are matters of growing concern. Their 
presence has stimulated research to evaluate their role in 
the biosphere. This paper reviews recent literature 
( 1972-1975) on the effects of PCB's upon birds and 
mammals. 

EFFECTS ON BIRDS 

Lethal Toxicity 
Outright mortality can affect populations. Measure

ment of direct toxicity is an important first step in the 

evaluation of a chemical. Toxicities of different PCB's to 
young pheasants (Phasianus colchicus), mallards (Anas 
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platyrhynchos), bobwhite quail (Colinus virginianus), 

and coturnix quail (Coturnix coturnix) have been com
pared with the toxicities of DDT, dieldrin, and other 
insecticides (ref. 1). LC50 's for the PCB's were high. 
Tests of six PCB mixtures, containing 32 to 62 percent 

chlorine,, showed that the toxicity increased with the 
percentage of chlorine. The dietary toxicities of the 
Aroclors were, with few exceptions, less than those of 
the four organochlorine pesticides used for comparison. 

Special tests with coturnix quail showed that the toxic 
effects of DDE and Aroclor 1254 were additive but not 
synergistic. In other studies, Aroclor 1254 was approxi
mately as toxic as DDE to four species of blackbirds 
(ref. 2). Redwinged blackbirds (Agelaius phoeniceus) 
were somewhat more susceptible to DDE than to PCB's. 
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Regular oral doses from 10 to 210 mg Aroclor 1254 
produced some mortality among subadult pheasants (ref. 

3). The amount and timm'J of the mortality were related 
to the dose. Heavier birds lived longer and lost the great

est percentage of their body weight before death. 
Residues of PCB's in brains of blackbirds given 

heavy doses of Aroclor 1254 were diagnostic of death 
(ref. 4); residues in brains of birds tnat died varied from 

349 to 763 ppm (wet weight) and were not above 301 
ppm in survivors. In studies with pheasants given daily 
doses of 210 mg of Aroclor 1254, a brain residue level of 

300 to 400 ppm !Jenerally indicated death due to PCB 
toxicosis (ref. 3). Residues of PCB's in livers and other 
tissues were more variable and of lesser value for diagn
osing death. 

PCB residues in brains of bald eagles (Haliaeetus 
leucocephalus) found dead from various causes in the 
United States between 1969 and 1972 varied from 0.10 
to 230 ppm (refs. 5,6). Even the highest levels in the 
eagle brains were below the lethal range determined with 
captive blackbirds. However, there may be at least two 
distinct modes of death from PCB's (ref. 7). A sudden 

heavy intake may cause death from neurotoxicity, with 

brain residues high and diagnostic of death. Long, low 

intake, which may occur in the field, may kill by causing 
edema and related phenomena; signs vary between in

dividuals and between species. Under these circum
stances, mortality resulting from PCB's would not nec

essarily be accompanied by high residues of PCB's in 

brains, and for these birds no good diagnostic technique 
is available, for the signs are nonspecific and the residue 

levels vary greatly. 



PCB's were implicated in a dieoff of guilemots (Uria 
aalge) which occurred in the Irish Sea region in 1969 
(ref. 8). The body loac of PCB's in birds that died was 
about twice that in healthy birds collected in the same 
general region. Moreover, livers of shot birds contained 
only 0.9 percent of the total body burden compared to 
22.5 percent for birds found dead. PCB residues in 
brains were not determined. 

Uptake and Loss Rates 
PCB's are readily taken up by animal tissues, and 

loss rates are reasonably slow. Like DDT and other 
lipid-soluble pesticides, PCB's accumulate in adipose 
tissue and have been shown to move out of adipose 
tissue during lipid mobilization. In experimentally dosed 
birds, highest PCB levels accumulated in adipose tissue, 
followed by kidney, liver, brain, muscle, and blood (refs. 
3,9). 

In experimentally dosed grackles (Ouiscalus 
quiscula), half of the PCB's were gone from the tissues in 
about 1 month. compared to an estimated 6 months for 
DDE (ref. 4). Continued loss of PCB's after the first 
month, however, was exceedingly slow and there was no 

significant further loss occurring during the next 12 
weeks. After 32 weeks, about 15 percent of the original 
burden of PCB's remained in the body. 

PCB's are readily excreted in the egg. PCB levels in 
the eggs of double-crested cormorants (Phalacrocorax 
auritus) reflected carcass levels, but this relationship did 
not hold for white pelicans (Pefacanus erythrorhynchos) 
(ref. 10). In ringdoves (Streptopelia risoria), Aroclor 
1254 fed at 10 ppm reached an equilibrium level of 17 
ppm wet weight in the eggs; this was about 2 percent of 
the level found in the fat of the adult birds (ref. 9). 

PCB's stored in the adipose tissue are readily mobil
ized during periods of stress that cause loss of body 
weight. Alternate starving and feeding of pheasants dos
ed with PCB's increased the toxicity of the PCB's (ref. 
11). Birds that died from starvation had mobilized their 
fat reserves and had considerably higher PCB 's in the 
brain and other tissues than did PCB-treated birds that 
were not starved. S1milarly, increased levels of PCB in 
muscle, brain, and liver of PCB-treated ringdoves follow
ed depletion of fat reserves by starvation. At death, PCB 
concentration in the brains of starved birds had increas
ed 56-fold (ref. 9). 

Reproductive Effects 
Effects of PCB 's on reproduction are difficult to 

evaluate but are apt to have the most serious impact on 
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populations. Few data are available for wild species, so 
work done with chickens must be relied upon. Numer
ous good studies have shown that chickens are sensitive 
to PCB's. The chief reproductive effects ill chickens are 
lowered egg production and reduced hatchability. De
formities in chicks are common, and growth of young 
may be depressed. Survival of young sometimes IS affect
ed. Feed consumption, adult survival and body weight, 
eggshell characteristics, and gametogenesis usually are 
not affected. Most embryo mortality occurs during the 
latter stages of incubation, alttwugh this may depend 
upon the PCB residue in the egg. Many chicks may die 
after pipping. The most severe effech are producec !:>y 
Aroclors in the middle of the range-from 1232 through 

1254. 
Chickens fed 2 ppm of several Aroclors in the diet 

for 9 weeks were not adversely affected (ref. 12). Others 
fed 20 ppm were affected differently bv the different 
types of Aroclors. Aroclors 1221 and 1268 did not 
affect egg production or hatchability. Aroclor 1248 pro
duced the most severe effects, causing some mortaiity of 
adults and nearly eliminating hatching of eggs. Aroclor 
1242 produced effects that were very nearly as severe. 
Aroclor 1232 produced less effect. 

The lack of effects of 2 ppm of dietary PCB on 
chicken reproduction was supported by a 39-week feed
ing test with Aroclor 1254 (ref. 13). Five ppm of 1254 
reduced egg productiOn erratically over the 39-week 
period. Wtth 50 ppm, however, mortality began, and 
dosage was stopped after 14 weeks. Egg production fell 

sharply. Hatchability dropped nearly to zero; residues in 
eggs were then about 25 to 50 ppm. As residues in eggs 
dropped after 6 weeks of clean food, hatchability rose. 
Residues ever 10 to 15 ppm in eggs were accomp:mied 
by heavy embryotoxicity, but those below 5 ppm show
ed no effect. At the start of the 50-ppm dosage, deaths 
of embryos came late in development, but as residues 
built up deaths came progressively t>arlier. 

The effects on reproduction were fUI ther mvesti
gated m another study in which chickens were given 50 
ppm .;ror.ior· 1254 in water for 6 weeks, and then were 
given untreated water for 20 weeks (ref. 14). Hatchabi
lity dropped to zero within 3 weeks after dosage began 
and stayed nearly at zero through 8 weeks of r;iean 
water, then rose to anproximately normal levels after 16 
week5 of untreated water. The amount of embryonic 
mortality associated with a given amount of PCB residue 
in the egg became hi[lher" as the study progressed. Thus, 
50 percent mo.·tal;ty of embryos was correlated with 50 
ppm of PCB 111 the yolk after 1.6 weeks of dosage, but 
with 10 ppm attar 18.7 weeks, a fivefold difference. The 



greatest toxicity per unit of PCB came after 11 weeks of 
untreated water. Late in the study, 6 to 8 ppm of PCB in 
yolks was correlated with 14 to 36 percent mortality of 
embryos This would represent about 3.6 ppm in the 
whole egg. The authors concluded that the increase of 
toxicity with time was caused by the accumulation of 
some persistent isomer or homolog of 1254 or by a met
abolite. 

In another study with chickens, egg production was 
reduced by 10 percent and hatchability by 44 percent 
when eggs from hens dosed with Aroclor 1248 contained 
only 3 ppm (ref. 15). When levels in the eggs reached 4.5 
ppm, production was further reduced and hatchability 
was almost completely eliminated. 

PCB residues in eggs of wild birds have often 
equalled or exceeded the levels known to have caused 
reproductive problems in ch1ckens. For a few examples, 
11 eggs of bald eagles from the United States contained 
from 2,2 to 27.7 ppm of PCB's with a median of 9.7 
ppm (ref. 16). PCB residues in osprey (Pandion 
haliaetus) eggs collected in Connecticut in 1968 and 
1969 varied from 3.6 to 51 ppm (ref. 17) and brown 
pelican (Pelecanus occidentalis) eggs from the Eastern 
United States contained from 1.9 to 36.5 ppm PCB's, 
with many readings over 5 ppm (ref. 18). Species differ
ences in response must be considered in the interpreta
tion of the effects of these levels upon reproduction of 
wild birds. The number of species that may respond like 
chickens is not known. 

PCB's caused deformities in chicks from hens dosed 
with 50 ppm Aroclor 1254 (ref. 19). Many deformities 
appeared when residues in yolks were 10 ppm or more. 
In another study in which hens were dosed with 20 ppm 
of Aroclors 1232, 1242, 1248, or 1254, 34 percent of 
843 embryos that died during incubation showed signs 
of abnormal d~velopment (ref. 20). PCB's or related 
chemicals were suspected of causing deformities in a 
small number of young in a tern colony in which PCB 
residues were high (ref. 21). 

Other species of birds may be less sensitive to PCB's 
than chickens. Mallards showed no decline in reproduc
tive success during 2 years of dosage with 25 ppm of 
Aroclor 1254 (ref. 1). Similar results have been reported 
for coturnix quail (refs. 15,22) and bobwhite quail (ref. 
1). Pheasants given oral doses of Aroclor 1254 showed 
depressed egg production and hatchability, suggesting a 
response similar to that of chickens (ref. 23). 

Decreases in eggshell thickness and associated de
clines :n populations of certain species of wild birds have 
been linked with elevated levels of DOE in their eggs (for 
review see ref. 24). The effect of DOE upon eggshell 
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thickness has been demonstrated experimentally with 
several species (ref. 24). Recent experimental studies 
with PCB's, however, have failed to demonstrate that 
low dietary dosages cause significant eggshell thinning in 
mallards (ref. 1). bobwhi1e quail (ref. 1), pheasants (ref. 
23). ringdoves (ref. 25). or chickens (refs. 12,15,26,27). 
In earlier tests, chickens fed A roc lor 1242 at 10 ppm or 
100 ppm and Aroclor 1254 at 100 ppm laid eggs with 
thinner shells than did controls (ref. 28). Coturnix qu. I 
hens given 10 ppm Aroclor 1242 in the feed for 40 ddys 
produced eggs with shells 5 percent thinner than did 
hens given untreated feed (ref. 29). Similarly, 50 ppm of 
Aroclor 1254 in the diet produced a small decrease in 
shell thickness and an :ncrease in the percentage of 
cracked eggs of coturnix quail (ref. 22). No tests of egg
shell thinning have been made with birds of prey or 
other critical species. 

Statistical evaluation of the role that different che
micals may play in thinning the eggshells of brown pel
icans in the field has shown that DOE residues correlate 
much better with shell thinning than do residues of 
PCB's (ref. 18). Similar relationships have been shown 
for other species (ref. 30). 

Effect on Chromosomes 
Few cytogenetic studies have been conducted to de

termine effects of PCB's on chromosome structure. In 
one study, no chromosomal aberrations were detected in 
chicken embryos following injection of Aroclor 1242 
into the egg to levels of 10 and 20 ppm (ref. 31). At 
these levels mortality of embryos was high. In another 
study, embryos from ringdoves treated with Aroclor 
1254 at 10 ppm had a higher frequency of chromosome 
aberrations than did controls (ref. 32). 

Chromosomal aberrations may contribute to the ab
normalities of developing embryos observed in some 
studies, or perhaps to a decreased reproductive success 
during successive generations of exposure to PCB's. 
When ringdoves were exposed to 10 ppm Aroclor 1254 
during two generatiom, the reproductive success of the 
first generation was normal, but the success of the 
second generation was nreatly reduced (ref. 32). 

Effects on Behavior 
Alterations in behavior may bring about depressed 

survival and reproductive success of wild species. Exper
;mental studies have ~hown that PCB's may alter be
havior. Caged European robins (Erithacus rubecula) fed 
PCB's showed increased migratory activity compared 
with untreated controls (ref. 33). PCB's caused a similar 
tendency in redstarts (Phoenicurus phoenicurus) (ref. 



34). Behavior, on a visual cliff, of pheasant chicks hatch
ed from hens given 50 mg Aroclor 1254 weekly was 

significantly different from controls or those receiving 
12.5 mg (ref. 23); more chicks from the 50-mg group 

jumped to the visually deep side or made no choice of 
sides than chicks from other groups. The avoidance re
sponse to a moving silhouette of coturnix quail chicks 
fed 200 ppm of Aroclor 1254 was greatly reduced (ref. 

35); there was no significant recovery in response after 
the birds were again given clean feed, suggesting an 
effect upon the maturing central nervous system. 

Embryonic mortality of ringdoves fed 10 ppm 

Aroclor 1254 was higher when the eggs were incubated 
by the parent birds than when they were incubated arti
ficially (ref. 36). Egg temperatures suggested that the 

increased mortality was due to decreased parental atten

tiveness. 

EFFECTS ON MAMMALS 

Certain species of mammals appear to be especially 

sensitive to ingestion of low levels of PCB's. An extreme 
example was provided by the declining reproductive 

success and increasing mortality of mink that was ob

served by commercial mink ranchers in the Great Lakes 
region in the 1960's. The problems developed when 

mink ranchers began to use coho salmon from the Great 
Lakes in mink rations (ref. 37). Other fish from Lake 

Michigan had similar effects, but coho from the Pacific 
coast caused no trouble. Feeding trials were conducted 

with several contaminants that had been identified in the 
fish (ref. 38). Neither DDT nor dieldrin caused these 
effects in mink, even at levels far higher than those in 

the fish. In the first test, a mixture of PCB's at 30 ppm 
in the diet killed all the adult mink. With dietary dosages 
of 5 and 10 ppm of Aroclor 1254, no reproduction 
occurred. At 10 ppm, five of the six adults died. In 
further tests, 1 ppm of PCB in the diet reduced repro

ductive success. More drastic results were observed when 
the mink were fed meat from cows that had been dosed 
with Aroclor 1254 (ref. 39). When the concentration of 
PCB in the diet was 3.57 ppm, there was no reproduc
tion and all breeders died. When the concentration was 
0.64 ppm, some adults died and no surviving young were 

produce.d. 
High levels of PCB's and organochlorine insecticides 

have been found in marine mammals and a link with 
premature births in some species has been suggested. Pre

mature pups from California sea lions (Zalophus 
ca/ifornicus) contained higher levels of these compounds 

in the blubber, liver, and brain than did full-term pups 
(ref. 40). 
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Recent studies have shown that certain species of 
bats are sensitive to PCB's. In big-brown bats (Eptesicus 
fuscus), PCB's crossed the placenta 2 to 3 times more 
readily than DOE (ref. 41). Concentrations of PCB's 
were significantly greater in litters that included dead 
young than in litters in which both young were born 
alive. In further studies, big-brown bats fed 250 ppm 
DOE in the diet gained weight and none died, but indi

viduals fed only 10 ppm Aroclor 1254 gained weight 
more slowly and some died (ref. 42). 

PCB's have been shown to be toxic to some non
human primate; over a wide dose range. Adult rhesus 

monkeys developed signs of PCB intoxication within 1 
to 2 months at doses as low as 2.5 and 5.0 ppm of 

Aroclor 1248 in the diet (ref. 43); these levels also 
caused a marked decline in reproductive success. 

CONCLUSIONS 

The effects of PCB's upon wild populations are dif

ficult to evaluate and many important questions remain 
to be answered. "f!esidues in wild species may be derived 

from different commercial mixtures that have undergone 
metabolic changes for varying time periods befbre reach
ing the target organism. Residues of PCB's in wild birds 

often are at levels known to have caused reproductive 
impairment in chickens. Nevertheless, species differences 

must be considered and it is not known how many spe

cies respond in the same manner as chickens. The great 

sensitivity of mink raises the question of how many 
other mammals may be equally sensitive to reproductive 

impairment or mortality. 

REFERENCES 

1. R. G. Heath, J. W. Spann, J. F. Kreitzer, and C. 
Vance, "Effects of Polychlorinated Biphenyls on 
Birds," Proc. XVth Int. Ornith. Congr .. , 1972, pp. 
4 75-485. 

2. E. H. Dustman, L. F. Stickel, L. J. Blus, W. L. 
Reicl)el, and S. N. Wiemeyer, "The Occurrence and 
Significance of Polychlorinated Biphenyls in the En

vironment," Trans. 36th N. Am. Wildt. Nat. Res. 
Conf., 1971, pp. 118-131. 

3. R. B. Dahlgren, R. J. Bury, R. L. Linder, and R. F. 
Reidinger, Jr., "Residue Levels and Histopathology 

in Pheasants Given P()lychlorinated Biphenyls," J. 
Wild/. Manage., Vol. 36 ( 1972), pp. 524-533. 

4. W. H. Stickel, tmpublished report, Patuxent Wildlife 
Research Center. 



5. A. A. Belisle, W. L. Reichel, L. N. Locke, T. G. 
Lamont, B. M. Mulhern, R. M. Prouty, R. B. 
DeWolf, and E. Cromartie, ·'Residues of Organo
chlorine Pesticides, Polychlorinated Biphenyls, and 
Mercury and Autopsy Data for Bald Eagles, 1969 
and 1970," Pestic. Manit. J., Vol. 6 (1972), pp. 
133-138. 

6. E. Cromartie, W. L. Reichel, L. N. Locke, A. A. 
Belisle, T. E. Kaiser, T. G. Lamont, B. M. Mulhern, 
R. N. Prouty, and D. M. Swineford, "Residues of 
Organochlorine Pesticides and Polychlorinated Bi
phenyls and Autopsy Data for Bald Eagles, 
1971-72," Pestic. Manit. J., Vol. 9 (1975), pp. 
11-14. 

7. W. H. Stickel, "Some Effects of Pollutants in Terres
trial Ecosystems," Proc. NATO Conf. Pollution by 
Heavy Metals and Organohalogens, in press. 

8. J. L. F. Parslow and D. J. Jefferies, "Relationship 
Between Organochlorine Residue~ in Livers and 
Whole Bodies of Guillemots," Environ. Pollut., Vol. 
5 (1973). pp. 87-101. 

9. J. L. Lincer and D. B. Peakall, "PCB Pharmaco
dynamics in the Ring Dove and Early Gas Chroma
tographic Peak Diminution," En.;iron. Pollut., Vol. 
4 ( 1973)' pp. 59-68. 

10. Y. A. Greichus .. A. Greichus, and R. J. Emerick, 
"Insecticides, Polychlorinated Biphenyls and Mer
cury in Wild Cormorants, Pelicans, Their Eggs, Food 
and Environment," Bull. Environ. Contam. Taxi
col., Vol. 9 (1973), pp. 321-328. 

11. R. B. Dahlgren, R. L. Linder, and W. L. Tucker, 
"Effects of Stress on Pheasants Previously G1ven 
Polychlorinated Biphenyls," J. Wild/. Manage., Vol. 
36 (19n). pp. 974-978. 

12. R. J. Lillie, H. C. Cecil, J. Bitman, and G. F. Fries, 
"Differences in Response of Caged White Leghorn 
Layers to Various Polychlorinated Biphenyls (PCBs) 
in the Diet," Poultry Sci., Vol. 53 (1974). pp. 
726-732. 

13. N. S. Piatonow and B. S. Reinhan, "The Effects of 
Polychlorinated Hi:Jhenyls (Aroclor 1254) on Chick
en Egg Prod1~, ~,on, Fertility, and Hatchability," 
CDn. J. Camp. Med., Vol. 37 ( 1973). pp. 341-346. 

14. B. Bush, C. F. furnasonis, and F. D. Baker, "Tox
icity and Pers.~tel ;ce of PCB Homo logs and Isomers 
in the Avian System," Arch. Environ. Contam. Tox
icol., Vol. 2 (1974), ;Jp. 195-212. 

15. M. l. Scott, J. 8. Z1mmerman. S. Marinsky, P. A. 
Mullenhoff, G. L. Rumsey, and R. W. Rice, "Effects 
of PCBs, DDT, and Mercwy Compounds Upon Egg 
Production, Hatchability and Shell Ouality in Chick
ens and Japanese Oua1l," Pou'try Sci., Vol. 54 

266 

( 1 975)' pp, 350-368. 

16. S. N. Wiemeyer, B. M. Mulhern, F. J. Ligas, R. J. 
Hensel, J. E. Mathisen, F. C. Robards, and S. 
Postupalsky, "Residues of Organochlorine Pesti
cides, Polychlorinated Biphenyls, and Mercury in 
Bald Eagle Eggs and Changes in Shell Thickness -
1969 and 1970," Pf•stic. Manit. J., Vol. 6 (1972), 
pp. 50-55. 

17. S. N. Wiemeyer, P. 1~. Spitzer, W. C. Krantz, T. G. 
Lamont, and E. Cromartie, "Effects of Environmen
tal Pollutants or: Connecticut and Maryland 
Ospreys," J. Wild/. Manage., Vol. 39 (1975), pp. 
124-139. 

18. L. J. Blus, B.S. Neely, Jr., A. A. Belisle, and R. M. 
Prouty, "Organochlorine Residues in Brown Pelican 
Eggs: Relation to Reproductive Success," Environ. 
Pollut., Vol. 7 (1974), pp. 81-91. 

19. C .. F. Tumasonis, B. Bush, and F. D. Baker, "PCB 
Levels in Egg Yolks Associated with Embryonic 
Mortality and Deformity of Hatched Chicks," Arch. 
Environ. Contam. Toxicol., Vol. I (1973), pp. 
312-324. 

20. H. C. Cecil, J. Bitman, R. J. Lillie, G. F. Fries, and 
J. Verrett, "Embryotoxic and Teratogenic Effects in 
Unhatched Fertile Eggs From Hens Fed Polychlori
nated Biphenyls (PCBs) ," Bull. Environ. Contam. 
Toxicol., Vol. 11 (18174), pp. 489-495. 

21. H. Hays and R. W. H isebrough, "Pollutant Concen
trations in Abnormal Young Terns From Long 
Island Sound, Auk, Vol. 89 (1972). pp. 19-35. 

22. E .. S .. Chang and E. L. R. Stokstad, "Effect of Chlor
inated Hydrocarbons on Shell Gland Carbonic An
hydrase and Egg Shell Thickness in Japanese Quail," 
Poultry Sci., Vol. 54 (1975). pp. 3-10. 

23. R. B. Dahlgnm and R. L. Linder, "Effects of Poly
chlorinated Biphenyls on Pheasant Reproduction, 
Behavior, and Survival," J. Wild/. Manage., Vol. 35 
( 1971)' pp. 315-319. 

24. L. F. Stickel, "Pe;ticide Residues in Birds and 
Mammals," Environmental Pollution by Pesticides, 
C .. A. Edwards, ed., Plenum Press, New York, 1973, 
pp. 254-312. 

25. D. B. Peakali, "Effect of Polychlorinated Biphenyls 
(PCBs) on the Eggs~ells of Ring Doves," Bull. Envi
ron. Contam. Toxicol., Vol. 6 (1971). pp. 100-101. 

26. W. M. Britton and T. M. Huston, "Influence of Poly
chlorinated Biphenyls in the Laying Hen," Poultry 
Sci., Vol. 52 (1973). pp. 1620-1624. 

27. R. H. Teske, B. H. Armbrecht, R. J. Condon, and H. 
J. Paulin, "Hesidue!; of Polychlorinated Biphenyls 
from Poultry Fed Aroclor 1254," J. Agric. Food 
Chern., Vol. 22 (1£174), pp. 900-904. 



28. Monsanto Company, unpublished report prepared 
by Industrial Biotest Laboratories, Inc., North

brook, Illinois, 1970. 
29. E. F. Hill, R. G. Heath, and J.D. Williams, "Effect 

of Dieldrin and Aroclor 1242 on Japanese Quail 
Eggshell Thickness," unpublished manuscript, 
Patuxent Wildlife Research Center. 

30. R. A. Faber and J. J. Hickey, "Eggshell Thinning, 
Chlorinated Hydrocarbons, and Mercury in Inland 
Aquatic Bird Eggs, 1969 and 1970," Pestic. Monit. 
J., Vol. 7 (1973). pp. 27-36. 

31. W" F. Blazak and J. B. Marcum, "Attempts to In
duce Chromosomal Breakage in Chicken Embryos 
with Aroclor 1242," Poultry Sci., Vol. 54 (1975). 
pp. 310-312. 

32. D" B. Peakall, J. L. Lincer, and S. E. Bloom, "Em
bryonic Mortality and Chromosomal Alterations 
Caused by Aroclor 1254 in Ring Doves," Environ. 
Health Persp., Vol. I ( 1972). pp. 103-104. 

33. S. Ulfstrand, A. Sodergren, and J. Rabol, "Effect of 
PCB on Nocturnal Activity in Caged Robins, 
Erithacus rubecufa L., Nature, Vol. 231 (1971), pp. 
467-468. 

34. B" Karlsson, B. Persson, A. Sodergren, and S. Ulfst
rand, "Locomotory and Dehydrogenase Activities 
of Redstarts Phoenicurus phoenicurus L. (Aves) 
Given PCB and DDT," Environ. Po/lut., Vol. 7 
(1974), pp. 53-63. 

35. J. F. Kreitzer and G. H. Heinz, "The Effect of Sub
lethal Dosages of Five Pesticides and a Polychlori-

nated Biphenyl on the Avoidance Response of 
Coturnix Quail Chicks," Environ. Pollut., Vol. 6 
(1974), pp. 21-29. 

36. D. B. Peakall and M. L. Peakall, " Effect of a Poly
chlorinated Biphenyl on the Reproduction of Arti
ficially and Naturally Incubated Dove Eggs," J. 
App/. Ecol., Vol. 10 (1973), pp. 863-868. 

37. R. J. Aulerich, R. K. Ringer, H. L. Seagran, and W. 
G. Youatt, "Effects of Feeding Coho Salmon and 
Other Great Lakes Fish on Mink Reproduction," 
Can. J. Zoo/., Vol. 49 (1971). pp. 611-616. 

38. R. J. Aulerich, R. K. Ringer, and S. Iwamoto, "
Reproductive Failure and Mortality in Mink Fed on 
Great Lakes Fish," J. Reprod. Fert. Supp/., Vol. 19 
( 1973), pp. 365-376. 

39. N. S. Platonow and L. H. Karstad, "Dietary Effects 
of Polychlorinated Biphenyls on Mink," Can. J. 
Ccmp. Med., Vol. 37 (1973), pp. 391-400. 

267 

40. R. L. Delong, W. G. Gilmartin, and J. G. Simpson, 
"Premature Births in California Sea Lions: Associa
tion With High Organochlorine Pollutant Residue 
Levels," Science, Vol. 181 (1973), pp. 1168-1169. 

41. D. R. Clark, Jr., and T. G. Lamont," Organochlo
rine Residues and Reproduction in the Big-Brown 
Bat," J. Wild/. Mange., in press. 

42. D. R. Clark, Jr., unpublished data, Patuxent Wildlife 
Research Center. 

43. J. R. Allen, "Response of the Nonhuman Primate to 
Polychlorinated Biphenyls Exposure," Fed. Proc., 
Vol. 34 (1975), pp. 1675-1679. 




